A total of 13 Pasteurellaceae isolates from healthy freshwater turtles were characterized by genotypic and phenotypic tests. Phylogenetic analysis of partial 16S rRNA and rpoB gene sequences showed that the isolates investigated formed a monophyletic group. The closest related species based on 16S rRNA gene sequencing was Chelonobacter oris CCUG 55632 T with 94.4 % similarity and the closest related species based on rpoB gene sequence comparison was [Pasteurella ] testudinis CCUG 19802 T with 91.5 % similarity. All the investigated isolates exhibited phenotypic characteristics of the family Pasteurellaceae. However, they could be separated from existing genera of the Pasteurellaceae by the following test results: indole, ornithine decarboxylase and Voges-Proskauer positive; and methyl red, urease and PNPG (aglucosidase) negative. No X-or V-factor requirement was observed. A zone of b-haemolysis surrounded the colonies after 24 h of incubation on bovine blood agar at 37 8C. Acid was produced from L-arabinose, dulcitol, D-mannitol, sucrose and trehalose. Representative strain ELNT2x T had a fatty acid profile that was characteristic for members of the Pasteurellaceae.
ELNT2x
T expressed only one respiratory quinone, ubiquinone-8 (100 %). The DNA G+C content of strain ELNT2x T was 42.8 mol%. On the basis of both phylogenetic and phenotypic evidence, it is proposed that the strains should be classified as representatives of a novel species of a new genus, Testudinibacter aquarius gen. nov., sp. nov. The type strain of Testudinibacter aquarius is ELNT2x T (5CCUG 65146 T 5DSM 28140 T ), which was isolated from the oral cavity of a captive eastern long-necked turtle (Chelodina longicollis) in Denmark in 2012.
As commensals or obligate parasites, Pasteurellaceae colonize mainly the mucosa of the upper respiratory tract, oropharynx and reproductive tracts of vertebrates (Christensen & Bisgaard, 2008; . The majority of taxa have been isolated from diseased homotherms, in particular farm animals. However, nearly all vertebrates investigated, including heterothermic species (Montgomery et al., 2002; Snipes & Biberstein, 1982) , have resulted in the identification of one or more taxa of Pasteurellaceae and most species are associated with a single host.
Two described Pasteurellaceae species has been isolated from chelonids. Pasteurella testudinis has exclusively been isolated from Hermann's tortoises (Testudo hermanni) (Snipes & Biberstein, 1982) while Chelonobacter oris was isolated from diseased Hermann's and desert tortoises (Gopherus agassizi) (Gregersen et al., 2009) . Pasteurella testudinis was isolated from the oral cavity of tortoises showing clinical signs of respiratory disease and from the cloacae and oral cavity of healthy tortoises (Snipes & Biberstein, 1982) . All Chelonobacter oris strains were isolated from the oral cavity with the exception of one that was isolated from an abscess, one from conjunctiva and two from the nares (Gregersen et al., 2009) . One strain isolated from a skin infection in a yellow-bellied slider (Trachemys scripta scripta) showed a genus-like relationship with Pasteurella testudinis (Gregersen et al., 2009 ). This strain is, to our knowledge, the only described Pasteurellaceae strain previously isolated from a freshwater turtle while there is no description of Pasteurellaceae isolates from sea turtles in the literature. The aim of the present investigation was to characterize a collection of 13 Pasteurellaceae isolates obtained from the oral cavity of freshwater turtles to extend our knowledge on the phenotypic and genotypic diversity and possible host adaptation of these taxa and to improve classification and identification of the taxa demonstrated.
BBL culture swabs (BD Biosciences) were used for swabbing the oral cavity. All samples originated from clinically healthy animals. Animals investigated originated from four captive collections in Denmark. Samples were obtained from 58 freshwater turtles representing 13 species, one north-west red-faced turtle (Emydura australis), eight eastern long-necked turtles (Chelodina longicollis), one Australian snake-necked turtle (Chelodina siebenrocki), five Hilaire's side-necked turtles (Phrynops hilarii), two common snapping turtles (Chelydra serpentina), three Malaysian giant turtles (Orlitia borneensis), 23 red-eared terrapins (Trachemys scripta elegans), two yellow-bellied sliders, one Florida cooter (Pseudemys floridana), two Chinese box turtles (Cuora flavomarginata), one Amboina box turtle (Cuora amboinensis), two Chinese pond turtles (Chinemys reevesii) and seven yellow-spotted river turtles (Podocnemis unifilis).
Swabs were kept in Stuart's transport medium (BD Biosciences) at ambient temperatures (4-20 8C) for up to 5 h before they were plated on 5 % bovine blood agar (BA) (blood agar base, CM55; Oxoid). BA plates were incubated in sealed plastic bags for 24 h at 37 8C (Christensen et al., 2014a) . Colonies typical of Pasteurellaceae were subsequently subcultured and characterized as previously described (Bisgaard, 1982; Bisgaard et al., 1991) . Phenotypic tests included Gram staining, motility, catalase, oxidase, Voges-Proskauer, ONPG (ortho-nitrophenyl-b-galactoside), PNPG (4-nitrophenyl-b-D-glucopyranoside), indole, urease, arginine dihydrolase, ornithine decarboxylase, lysine decarboxylase, methyl red, nitrate reduction, gelatin hydrolysis, alkaline phosphatase, X-factor and V-factor dependency, growth in the presence of 10 % CO 2 , growth under anaerobic conditions, growth at 20, 30 and 42 8C, growth on MacConkey agar, and acid production from ado-
inulin, lactose, maltose, raffinose, sucrose, salicin, trehalose and glucose in Hugh & Leifson's medium. Pasteurella multocida subsp. multocida NCTC 10322 T was included as a reference.
The DNA G+C content was determined by the Deutsche Sammlung von Micro-organismen und Zellkulturen (DSMZ, Braunschweig, Germany) as previously described (Garvie, 1978) . Fatty acid analysis of representative strain ELNT2x
T was performed by CCUG (Culture Collection, University of Göteborg, Sweden) (Eerola & Lehtonen, 1988; Sasser, 1990; Viallard et al., 1998) . Analysis of respiratory quinones was carried out by the Identification Service of the DSMZ. Quinones were extracted as described by Tindall (1990a, b) . Respiratory lipoquinones were separated into their different classes by TLC on silica gel (Macherey-Nagel Art. No. 805 023), using hexane/ tert-butylmethylether (9 : 1, v/v) as solvent. UV-absorbing bands corresponding to the different quinone classes were removed from the plate and further analysed by HPLC. This step was carried out on an LDC Analytical (Thermo Separation Products) HPLC device fitted with a reversedphase column (Macherey-Nagel, 2 mm6125 mm, 3 mm, RP18) using methanol/heptane (9 : 1, v/v) as the eluant. Respiratory lipoquinones were detected at 269 nm.
An Easy-DNA kit (Invitrogen) was used for DNA preparation according to the manufacturer's instructions.
The partial rpoB gene sequence of the 13 isolates (Table S1 , available in the online Supplementary Material) was determined as reported previously (Korczak et al., 2004; Mollet et al., 1997) and covered the region 509-680 (positions refer to the numbering scheme for Escherichia coli K-12, association number U00096) of the deduced protein sequence as reported previously (Angen et al., 2003; Korczak et al., 2004) . Based on the results from the phylogenetic analysis of the rpoB gene sequences, a subset of five isolates were selected for 16S rRNA gene sequencing as described by Angen et al. (2003) and Christensen et al. (2002) . Sequencing was performed by Macrogen Europe (Amsterdam, the Netherlands). The resulting sequences were compared with existing gene sequences in GenBank using the BLAST program (Altschul et al., 1997; Benson et al., 2007) . Pair-wise comparisons were performed by the program WATER included in EMBOSS (Rice et al., 2000) .
Multiple alignment was performed by CLUSTAL X (Thompson et al., 1997) . Maximum-likelihood analysis including bootstrap analysis was performed by fastDNAml (Felsenstein, 1995; Olsen et al., 1994) . The analysis was run with a transition/transversion ratio of 1.3 and 1.5 for rpoB and 16S rRNA, respectively.
The isolates formed a monophyletic group only distantly related to other Pasteurellaceae (Figs 1 and S1 ). The level of rpoB gene sequence similarity was 98.8-100 % within the group. 16S rRNA gene sequence comparisons revealed 98.6-99.3 % similarity within the group. According to 16S rRNA gene sequences, the closest related recognized species was Chelonobacter oris CCUG 55632 T with 94.4 % similarity and the closest related species based on rpoB gene sequence comparison was Pasteurella testudinis CCUG 19802 T with 91.5 % similarity.
Levels of 16S rRNA gene sequence similarity within the family Pasteurellaceae are higher than 89 % and within a genus belonging to the family are usually higher than 93 % (Korczak & Kuhnert, 2008) but generally below approximately 95 % . Likewise, the lower level of similarity of partial rpoB gene sequences for delimiting the family Pasteurellaceae has been suggested to be 77 %, whereas 87 % similarity has been proposed for genera of the family .
Using these limits as criteria to define new genera of Pasteurellaceae, the freshwater turtle strains are likely to represent a novel genus within the family Pasteurellaceae.
All 13 isolates were Gram-stain-negative, non-motile rods. All were catalase-and oxidase-positive and produced acid fermentatively from glucose without gas in Hugh & Leifson's medium. Extended phenotypic characterization was performed for six strains: CST2, ELNT2x T , CBT11, MGT3x, CPT1b and ABT1x (Table 1) .
Phenotypic results are given in the genus (Table 1) and species descriptions. The new genus can be separated from other Pasteurellaceae genera based on three to ten phenotypic characteristics. The closely related Chelonobacter oris can, based on Table 1 , be separated from the freshwater turtle group based on three characteristics: indole, alkaline phosphatase and ornithine decarboxylase. However, taking other phenotypic characteristics into consideration, the two groups can be separated by a further four results. The freshwater turtle group produced acid from inulin, lactose, melibiose and D-sorbitol, whereas Chelonobacter oris does not. As the number of genera within Pasteurellaceae increases, so will the problem of clearly separating the genera phenotypically within this family.
Chelonobacter oris, CCUG 55632 T (EU331064) (Fig. S1 ). Support for monophyletic groups by bootstrap analysis is indicated as numbers out of 100. The 16S rRNA genes of the strains in bold have been sequenced in the present investigation. Bar, 0.01 sequence variation considering the models for nucleotide substitution and tree-shape used in the maximum-likelihood analysis. This problem is clearly demonstrated in Table 1 , where Pasteurella sensu stricto, Gallibacterium and Avibacterium all show variable reactions for eight out of 18 phenotypic characteristics, which makes it less likely to find differential phenotypic characteristics.
The DNA G+C content of strain ELNT2x
T was 42.8 mol%. This is similar to the DNA G+C content reported for other Pasteurellaceae, ranging from 35.5-43.7 mol% for the genus Actinobacillus (Olsen & Møller, 2005) to 52.5 mol% for Necropsobacter (Christensen et al., 2011) .
The fatty acid profile of strain ELNT2x
T was similar to those for other Pasteurellaceae (Table S2 ). Major fatty acids of strain ELNT2x
T were C 14 : 0 , C 15 : 0 , C 16 : 1 v7c, C 16 : 0 , C 18 : 1 v9c and summed feature C 18 : 2 v6,9c/anteiso-C 18 : 0 ; minor components were C 12 : 0 ALDE, C 12 : 0 , iso-C 13 : 0 2-OH, C 18 : 0 and summed feature C 14 : 0 3-OH/iso-C 16 : 1 I. Minor variations, compared with the other genera in Table S2 , were found for the proportions of all fatty acids.
T expressed only one respiratory quinone, ubiquinone-8 (100 %). Mesocricetibacter and Cricetibacter express only menaquinone-7 (Christensen et al., 2014b) , whereas all previously investigated Pasteurellaceae express between two and five different quinones (Hansen et al., 2012) . A comparison with other members is given in Table S3 .
It is evident from the phylogenetic analysis presented that the freshwater turtle strains represent a distinct genotypic lineage within the family Pasteurellaceae, which can be distinguished from currently described members of the Pasteurellaceae based on the phenotypic characteristics detailed in Table 1 . Based on this, we propose that this group should be classified as representing a novel species in a new genus, Testudinibacter aquarius gen. nov., sp. nov., within the family Pasteurellaceae.
Given that most Pasteurellaceae are usually associated with a single host (Christensen & Bisgaard, 2008; Hansen, 2013) , it was quite surprising to isolate such a uniform group of strains from six different turtle species originating from three different continents, especially as studies of wild and captive mammals have revealed an identical oral Pasteurellaceae flora for each host species despite generations in captivity (Hansen, 2013) . However, a few Pasteurellaceae species appear to be restricted to a single taxonomic host order (carnivores, galliformes, etc.) (Hansen, 2013) , instead of a species, which could be the case here. The strains in this study were all cultured from two different turtle collections and due to possible contact through water sources and animal transfer, cross-contamination cannot be eliminated. Further studies, including of both wild and captive turtles, are needed to investigate this. It also remains to be investigated how Pasteurellaceae bacteria are transferred within species of turtles and tortoises where the parent and offspring have no physical contact.
Bearing in mind the number of animals tested, the success rate for recovery of Pasteurellaceae strains was limited. This is probably due to the high numbers of bacteria in the freshwater that the turtles inhabit, which resulted in contamination and overgrowth with, in particular, Enterobacteriaceae, and species of the genera Aeromonas and Pseudomonas. It is possible that a Pasteurellaceae selective medium, for example S-MBA (Jacobsen & Nielsen, 1995) , could alleviate this problem in future studies. The type strain, ELNT2x
T (5CCUG 65146 T 5DSM 28140 T ), was isolated from the oral cavity of a captive eastern long-necked turtle in Denmark in 2012. The pathogenic potential is unknown. The DNA G+C content of the type strain is 42.8 mol%.
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